Abstract : The total synthesis of madindolin A was achieved. Stereoselective construction of the quaternary carbon in the cyclopentenedione moiety was accomplished by alkylation of dienolate bearing a chiral auxiliary. The coupling of sterically hindered aldehyde 17 and acid-sensitive amine 30 was achieved by developing a new reductive amination method using Sn(OTf)2 and NaBH(OAc)3. After the reductive coupling, the cyclopentenedione skeleton of madindoline was constructed by intramolecular condensation of triketone 5.
Introduction
Interleukin 6 (IL-6) is a multifunctional cytokine which participates in immune response and also participates in inflammation, cancer cachexia, and stimulation of tumor cells proliferation in autocrine/paracrine manner.1 Thus, an inhibitor of IL-6 activity would be promising candidates for treatment of these diseases. We have been interested in the synthesis of natural products that exhibit selective inhibition of IL-6 activity.2 Madindoline A (1) and B (2) were isolated from the culture of Streptomyces nitrosporeus K93-0711 by Omura in 1996 and were determined to be inhibitors of IL-6 madindoline A (1) Our synthetic strategy for madindolines feature coupling furoindoline 4 and cyclopentenedione 3 or its precursor (Scheme 1). The quaternary carbon ofcyclopentenedione 3 is chiral because the side chains differ in length. Even though, there are some methods for construction of a chiral quaternary carbon,6 this remains to be a challenge in synthetic organic chemistry. Our synthetic strategy for cyclopentenedione 3 is shown in Scheme 2. We envisioned that the cyclopentenedione skeleton might be constructed by a regioselective intramolecular condensation of triketone 5. The requisite triketone 5, in turn, could be derived from olefin 6. For Our initial strategy for the total synthesis of madindolines involved a reductive coupling of cyclopentenedione aldehyde 22 and furoindoline 4,4 which would directly afford the madinedoline skeleton.13' 14 Thus, we next examined the reductive coupling of aldehydes with unprotected furoindoline 4 (Scheme 8). Although the use of NaBH3CN as the hydride source for the coupling of 4 and isobutyraldehyde gave undesired indole 25, presumably produced via alkylated indoline 26, the use of NaBH(OAc)3 as the hydride source provided alkylated furoindoline 27 in high yield. However, when pivaloylaldehyde was used under the same condition, only indole 28 was obtained in low yield. Thus, we used protected furoindoline 31 for the coupling with aldehyde 22 (Scheme 9). Unfortunately, we were not able to achieve the reductive coupling of 30 or 31 and 22 to afford madindoline skeleton 32 under various conditions mainly due to the facile deformylation of 22 to produce 33. Therefore, we sought an alternative approach in which the cyclopentenedione formation would be carried out after the coupling with furoindolidine 30 or 31. Another difficulty we encountered during the attempts above was the instability of the protected furoindolidine 30 and 31 under acidic conditions. Therefore, it became necessary to develop a new methodology for the reductive coupling of acid-sensitive furoindoline and sterically hindered aldehyde. 
5.
Conclusion
We have achieved the total synthesis of madindoline A with the development of novel methodology. The characteristic features of the present study are (1) a novel method for the stereoselective construction of a quaternary carbon, (2) a novel effective Sn(OTf)2-NaBH(OAc)3 method for reductive coupling of sterically hindered aldehyde and acid-sensitive amine, and (3) regio-selective intramolecular cyclization of triketone to construct the cyclopentenedione. Further correlation of 16 to madindoline A, but not madindoline B, unambiguously established the absolute stereochemistry of 16 which 
